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 
Abstract: The results of the regular synthesis algorithms 

development for adaptive process control systems based on the 
associative memory technology are presented in the article. The 
single-step and multi-step, deterministic and stochastic algorithms 
used for solving control and tracking problems are considered. 
The relative simplicity of these algorithms makes possible to 
recommend them for managing complex objects in conditions of 
uncertainty using concepts and associative memory technology. 
Based on the technology of associative memory, synthesis 
algorithms for adaptive production process control systems are 
proposed to function under unpredictable uncertainties and 
ensure the rate of the structure adapting process of the main 
system circuit, commensurate with the rate of transients in the 
technological control object operating under stochastic 
independent disturbances. 
 

Keywords: intelligent control system, associative memory, 
control object, adaptive control system. 

I. INTRODUCTION 

The new technology development imposes increasingly 

stringent requirements on the operation quality of the control 
systems, which improvement by means of the innovative 
actuators gives a certain positive effect. However, a 
significant part of the problems - such as performance 
improvement, invariance to external influences, changes in 
the characteristics of the control object, etc., are not 
effectively solved by this approach. Therefore, an urgent need 
has arisen for improving management systems using 
non-traditional management technologies [1,3]. 
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It is proposed to use control systems with associative 
memory to solve this problem. Associative memory 
technology, which has become very widespread in computer 
technology, is one of the alternative approaches to creating 
high-speed intelligent control systems. On the one hand this 
technology is based on the mechanisms of associative 
recording and information recovery, allowing access to data 
at high speed. This aspect of application has traditionally been 
studied in the field of computer technology [1-4]. On the other 
hand, the technology of associative memory allows to classify 
the state of the system at a qualitative level and to form 
controls that correspond to the current state of the system and 
a given criterion of control quality on the basis of associative 
connections. This aspect of the associative memory use is not 
practically studied. The main advantage of associative 
memory is the simplicity of the software and hardware 
implementations, which provides high performance, 
determined by the time of a separate memory cell access. 

From the analysis of the complex dynamic system motion 
equation, it can be concluded that under unpredictable 
uncertainties, the behavior of the state vector is not known in 
advance, dynamic models for the synthesis of control laws 
turn out to be too complicated to implement. One of the ways 
to organize adaptive control in real time is the use of control 
systems with associative memory [5]. Traditionally, adaptive 
systems include self-tuning systems [6–9], which are divided 
into search and non-search. If the time required to determine 
the conditions of the extremum is not critical, for example, to 
control slow processes, then search methods are used [10]. 
The fastest are the non-search self-tuning systems [11], based 
on compensation approaches, the analytical determination of 
the extremum of the quality functional, which allows one to 
obtain the rate of the adaptation process commensurate with 
the rate of transient processes in the system. In type II 
intelligent control systems with associative memory, adaptive 
control is implemented on the basis of the possible dynamic 
states of the system and control laws’ study that provide a set 
control goal. 

II. PROPOSED METHODOLOGY  

Synthesis of the control systems significantly complicates 
taking into account the control object inertia in dynamic 
objects and the main changes concern the structure of the 
main system circuit. Based on the main contour structure and 
the type of control goal, it is advisable to distinguish two 
classes of tasks. The first class is the control problem in 
transient, dynamic modes (the tracking problem), in which the 
control goal is associated with the exact processing of a 
changing setting action.  
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In such problems, the control goal is most conveniently set 
using the reference model - an auxiliary system that defines 
the desired transients in a closed system. The second class is 
control tasks in steady-state modes (control task), when the 
driving influence is constant and the main task of the system is 
to suppress the action of disturbances. In such systems, it is 
natural to set control goals that provide optimal suppression 
of disturbances, and use optimal controllers in the main 
circuit. 

Since the both approaches are widely covered in the 
literature [8, 12], let’s limit with one rather typical example of 
the adaptive control systems of each class and consider the 
possibilities of associative memory technology use in them. 

It should be noted that the quality management task is 
reduced to training on the most complete set of possible states 
of the control object. According to the input vector containing 
data on the object state and the input impact, associative 
memory forms a control effect on the object. 

A. Task statement 

At first, consider control object description that is the same 
for both tasks. It is convenient to describe the linear discrete 
dynamic control object by the input-output equations, 
including directly observable outputs and having the form: 

      rkk qCuqByqA 11
1

1 


  , 

where       CBA ,,  - polynomials, 1q  - is the one-step 

delay operator  1
1


  kk xxq : 

  n
naaA   ...1 1 , 

  n
nbbB   ...1 1 , 

  n
nccC   ...1 1 . 

The coefficients of the polynomials A, B, C are considered 
unknown:  nnn ccbbaacol ,...,,,...,,,..., 111 , with 0pb , 

(i.e., the value of the delay p is unknown). 

B. Discussion 

In transient modes, disturbance is more caused by the 
inaccuracy of the control object model than by random 
external influences. Therefore, we assume that the 
perturbations are deterministic, and for the synthesis of the 
adaptation algorithm, we use the recurrent target inequality 
method. For a system with a reference model and the purpose 
of the tracking type control, the direct and identification 
approaches lead to equivalent structures. Let it be the driving 
force. We introduce the residual function: 

    kkk rqDyqG 1
1

1 


  ,      (1) 

where     DG ,  are given polynomials. If 0k , then the 

movement of the control object is subjected to the equation of 
the reference model: 

    kk rqDyqG 1
1

1 


  .       (2) 

C. Law of regulation 

We choose the linear law of regulation in the main circuit:  

k
T
kk zu  ,       (3) 

where  

  kmkpknkkk rqDuuyycolz 1
1 ,,...,,,..., 

 ,  

    21 ,..., 


pmn
kkk col  . 

In this case,    will exist such that, at 0k , the 

equations of the closed-loop system (1), (3) coincide with the 

reference model up to an interference of   .1
kqC   

D. Adaptation algorithm 

We take the adaptation algorithm in the form:  


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for the objective function kkQ   and with k  types (2). 

E. Optimal control 

We now consider an adaptive optimal control system for 
the case of stochastic independent disturbances k  with 

properties 4
kM . As the control goal, we choose  








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i
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where  





 

k

i
i

kU
y

k
I

D 1

21
liminf . 

DU  there are many admissible control laws 

(non-proactive strategies) for which the upper limit on the 
left-hand side of (4) is finite. The desired adaptive strategy 
should be acceptable and, in addition, should not depend on 
the vector of the control object 
parameters:  ,...111 ,...,,..., cbacol . 

It is well known [9,13], if a control object (1) is 
minimal-phase, then there exists an optimal control law that is 
linear and described by the equation:  

    kk yquq 11    , 

where the coefficients of polynomials     ,  are sought 

from the polynomial equation [8,14]. 
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Taking the identification approach to the adaptive control 
systems construction, we will set the control law at the k-th 
step by the ratio:  

      kkk
p

kkk eyqGquqFqB   111 ,    (5) 

where polynomials     kk GF ,  are searched from the 

equations:  

        GCFA k
p

kk  , 

      kkk CBA ,,  - are the current polynomial estimates 

in the description of the control object (5), and  ke  - is the 

“test” disturbing process, independent of process  k  and 

having the properties:  

0lim,0
4



k

k
k eMMe . 

To complete the synthesis of adaptive control systems, it is 
left to specify an adaptation algorithm: constructing a vector 

k  of current estimate coefficients of polynomials 

      kkk CBA ,, . The desired algorithm must have an 

identifying property: ensure convergence 
..нп

k  . 

To develop the adaptation algorithm, we introduce the 
notation:  rkknkknkkk uuyycolw    ~,...,~,,...,,,...,1 ,  

and we bring the control object equation (5) to the “update” 

form:  

    111
1

1
~1 


  kkk

T
kk qCwy  , 

convenient for the predictive model of the control object. 
Next, we construct random variables k

~ , interpreted as 

estimates of perturbations k . As an adaptation algorithm, we 

choose a variant of the projection algorithm of stochastic 
approximation:  

  ,.Pr 11 k
T
kkkkkk wyw     

,1,1 0
211

1  

  kkk w  

  111111
~

  k
T
kkkkkkkk wywTwy  . 

F. Implementing associative memory 

Consider the possibility of implementing associative 
memory in such systems and the mechanism of associative 
sampling of the desired control vector. 

The set of  muuuU ,...,, 21  admissible controls for a 

complex object embedded in associative memory is finite. We 
assume that the control object is described by equation  

  ,,, kkkk rufy    

where m
k Ru   is the control action, s

k Rr  - is the measured 

disturbance, l
k R  - is the measured output of the control 

object (the values of variables at time kt  are index k) 
NR - is a finite-dimensional vector of unknown 

parameters,   - is a known convex set . 
Let the output of the control object be a scalar quantity that 

has the meaning of a control quality indicator, and when 
choosing at the k-th step jk vu  , the output value 

kjk qy   is measured, where iq  is the value of the 

“losses” when choosing control jv , k  is an unknown 

disturbance or measurement interference. 
Then it is possible to set a control goal: 

ky , at   kk  

(in the case of deterministic k ) or 






k

i
iy

k
1

,
1

 at  , kk       (6) 

,kMy  at  , kk  

(in the case of stochastic k ). If you set qq   , where 

iqq min , then you can interpret the goals as minimizing 

with a given accuracy the losses measured at the k-th step with 
an error of k . So, the task of associative memory consists in 

the optimal choice of a finite number of possible options 
under conditions of uncertainty. 

We consider the interference random, then a single search 
may not be enough; repetition of tests, accumulation and 
averaging of results can improve the accuracy of 
optimization, i.e. achieve more difficult goals. Associative 
memory makes it possible to make multiple sorting directed: 
more often choose those actions that give less loss. This 
reduces the total number of tests required to achieve a given 
accuracy. 

Let us consider two approaches to the synthesis of adaptive 
control systems for a finite stochastic object using associative 
memory technology [15]. We will describe the first approach 
in the case of binary losses, when only two binary values take 
the control object output, for example, ул=0 (success) and 
ул=1 (failure). 

If 0kM , then  jkkj vuyMq  :  - is the probability 

of failure during the j-th action. The control algorithm is 
represented by a finite deterministic automaton, to the input of 
which ky  is fed, and the states are divided into m subsets 

(branches) of n states, and in states from the j-th branch, the 
automaton selects the j-th action, calculating by moving along 
the branch the number of failures that go contract. 

The transition function of the automaton is designed so that 
the transition to the states of another branch occurs after n 
failures in a row.  
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It is easy to understand that such an automaton often selects 
the action with a greater chance of success. By increasing the 
“memory depth” (i.e., the number n), one can achieve an 
arbitrarily small asymptotic (at k ) error:  






k

i
kk qy

k
e

1

1
, 

i.e. provide suboptimality of the system. 
Another approach is the use of randomized algorithms 

defined by stochastic automata. The state of such an 
automaton is a probability vector: 

    ,,...,1 m
kkk ppcolP   

where   0
j

kp ,  




m

j

j
kp

1

1 , and  j
kp  makes sense of the 

probability of choosing the j-th action at the k-th step. 
Depending on the observed value of ky , the probability 
 j
kp  is recalculated so as to increase the likelihood of the 

action that cause less loss. In the adaptive system language, 
the random action selection mechanism corresponds to a 
controller, the tunable parameters of which are set by the 
vector kp . 

The functioning of associative memory, based on 
adaptation algorithm kp , can be constructed from the 

condition of an average decrease of some function associated 
with losses. Following [16], we describe one of such 
algorithms, the so-called projection algorithm, which does not 
require binary losses. The recount rule kp  has the form:  

 
 











 

  k
k

T
k

k
kkrk ue

pue

y
pPp

k


1 ,     (7) 

where ,kk s     














 




j

m

j

m pjpRpS ,1:
1

 - is 

the “narrowed” simplex,  kue  - is the m-dimensional vector 

whose j-th component is 1 if jk vu   is zero otherwise; 

   kk  ,,  - algorithm parameters. Let 0kM , i.e. 

ki Myq  . The averaging expression kp  is proportional to 

the gradient of average losses  

   j
m

j
j pqpQ 





1

, 

and  kk pMQMy  . 

Given inequalities  

    222 


 

jj
j qqppqpQ , 

we can conclude that the algorithm (7) ensures the speed of 

achieving the control goal (5) of order 31 k . Achieving the 

control goal also occurs with non-uniqueness j
j

qmin . 

III. RESULT ANALYSIS 

As for other recurrence algorithms, the desire to ensure 
convergence (7) to an extremum point slows down the 
convergence rate of the algorithm. If constant steps are taken 
in (7), then we can obtain exponential estimates of the rate of 
convergence, but not to the “point”, but to the “region”. 

The described control systems with associative memory 
have the following advantages: 

- control can be carried out in one circuit at once according 
to several parameters; 

- one associative memory can work simultaneously with 
several control loops, including different levels of 
management. 

In the discrete adaptive control, several different methods 
and approaches compete. We have considered the single-step 
and multi-step, deterministic and stochastic algorithms that 
were used to solve control and tracking problems. The 
relative simplicity of these algorithms makes possible to 
recommend them for managing complex objects in 
uncertainty conditions using concepts and associative 
memory technology. 

IV. CONCLUSION 

Thus, on the basis of associative memory technology, 
algorithms for the synthesis of adaptive production process 
control systems have been proposed that are designed to 
function under unpredictable uncertainties and ensure the 
adaptation rate of the main system circuit structure, 
commensurate with the rate of transients in the technological 
control object, operating under stochastic independent 
disturbances. 
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